To isolate cross-lingual phonological effects during visual-word recognition, Arabic-Hebrew bilinguals who are native speakers of Spoken Arabic (SA) and proficient readers of both Literary Arabic (LA) and Hebrew, were asked to perform a visual lexical-decision task (LDT) in either LA (Experiment 1) or Hebrew (Experiments 2 and 3). The critical stimuli were non-words in the target language that either sounded like real words in the non-target language (pseudohomophones) or did not sound like real words. In Experiment 1, phonological effects were obtained from SA to LA (two forms of the same language), but not from Hebrew to LA (two different languages that do not share the same script). However, cross-lingual phonological effects were obtained when participants performed the LDT in their second language, Hebrew (Experiments 2 and 3). Interestingly, while the within-language effect (from SA to LA) was inhibitory, the between-language effect (from SA to Hebrew) was facilitatory. These findings are explained within the Bilingual Interactive Activation plus (BIA+) model which postulates a fully interconnected identification system that provides output to a task/decision system. 
I Introduction
Substantial research on bilingual visual-word recognition demonstrates that when bilinguals identify words in one language, lexical representations of both languages (the target language and the non-target language) are activated (e.g. Brysbaert et al., 1999; Dijkstra et al., 1999) . Such findings are commonly explained within the Bilingual Interactive Activation Plus (BIA+) model (Dijkstra and van Heuven, 2002) , which postulates a fully interconnected identification system in which orthographic (spelling), phonological (sound) and semantic (meaning) representations are accessed in a language nonselective way. Yet, although this model allows for cross-lingual interactions at different processing levels (sub-lexical and lexical) and among different codes (orthographic, phonological and semantic), most research on this issue focused on cross-lingual interactions at the orthographic level with same-script bilinguals (e.g. Caramazza and Brones, 1979; De Groot et al., 2000) . The present study therefore aimed to investigate whether cross-lingual interactions during visual-word recognition can occur via phonological rather than orthographic representations.
To distinguish between orthographic and phonological effects, several studies have manipulated the degree of phonological overlap between words in two different languages that share the same script (e.g. Brysbaert et al., 1999; Dijkstra et al., 1999; Duyck, 2005; Lemhöfer and Dijkstra, 2004; van Wijnendaele and Brysbaert, 2002) . The results show that the degree of phonological overlap modulated the cross-lingual effect. However, although degree of orthographic relatedness was carefully controlled (e.g. Duyck, 2005) , because the shared phonological representations were also orthographically similar to some degree, the cross-lingual phonological effects reported in these studies were never completely independent of orthography.
To completely rule out orthographic effects, the present study focused on differentscript bilinguals. Specifically, the participants were Arabic speakers living in Israel, whose social-linguistic setting requires them to become proficient in Spoken Arabic (SA), Literary Arabic (LA), and Hebrew. SA is a colloquial dialect, used for daily informal communication, and is the native language of all Arabic speakers (L1). LA is encountered later in life, and is used for formal communication, reading and writing (diglossia; e.g. Abu-Rabia et al., 2003; Saiegh-Haddad, 2005) . 1 In the current population, Hebrew is encountered even later in life, and is learned formally in school (L2). Importantly, interactions between SA, LA and Hebrew can only occur via shared phonological or semantic codes, because LA and Hebrew do not share the same script, and SA does not involve orthographic representations because it is only a spoken dialect.
Previous studies that examined different-script bilinguals typically compared the processing of cognates (translation equivalents that are also phonologically similar) and non-cognates (translation equivalents that are not phonologically similar) using the masked translation-priming paradigm (Gollan et al., 1997; Kim and Davis, 2003; Nakayama et al., 2013 ; and for a different paradigm, see Miwa et al., 2014) . These studies indicate that cross-lingual phonological interactions can occur even in the absence of orthographic overlap. In particular, their results show that (1) L2 words are recognized faster when preceded by their L1 translations than by unrelated words; (2) These automatic cross-lingual semantic effects are stronger in the case of cognates than in the case of non-cognates. Nevertheless, because cognates are not only phonologically similar, but also semantically similar, these phonological effects may be semantically mediated. That is, phonology may be activated after semantic representations have been accessed, and or phonology may be strengthened by semantic feedback. Thus, the main aim of the present study was to investigate whether cross-lingual interactions during bilingual visual-word recognition, can occur in the absence of both orthographic and semantic overlap, only via shared phonological representations.
To dissociate phonological effects from semantic effects, some previous studies utilized non-translation stimuli with different script bilinguals, such that any cross-lingual effects can only be phonologically mediated (Dimitropoulou et al., 2011; Kim and Davis, 2003; Nakayama et al., 2012; Voga and Grainger, 2007; Zhou et al., 2010) . In these studies, bilinguals performed a lexical-decision task on L2 targets that were briefly preceded by phonologically related or unrelated L1 primes. Results revealed cross-script masked phonological priming, indicating non-selective phonological activation during bilingual visual-word recognition. Nevertheless, because these studies involved cross-script priming, orthographic lexical representations of the non-target language were directly activated via the briefly presented prime. This raises the question of whether cross-lingual phonological effects can be obtained even without pre-activation of the non-target representation. Thus, to dissociate phonological effects from semantic effects in a paradigm that does not involve the pre-activation of orthographic representations in the non-target language, the present study focused on non-lexical orthographic representations. In particular, we asked whether non-lexical orthographic representations in one language can activate phonological representations in a different language, even when the two languages do not share the same script.
To accomplish this aim, SA-LA-Hebrew speakers were asked to perform a lexicaldecision task in either LA (Experiment 1) or Hebrew (Experiments 2 and 3). Thus, a single-language lexical-decision task was employed. In the LA experiment, all stimuli were presented in Arabic script and participants were asked to decide whether the target is a real word in LA or not. In the Hebrew experiments, all stimuli were presented in Hebrew script, and participants were asked to perform a lexical-decision task in Hebrew. In both experiments, words corresponded to unique forms in each language (e.g. the concept BALCONY is associated with /ʃurfa/ ‫>شرفة<‬ in LA, /baeraenda/ in SA, and /mirpeset/ ‫מרפסת‬ in Hebrew), such that we did not include any cognates across target and non-target languages. To isolate phonological effects two non-word conditions were compared: A pseudo-homophone condition in which non-cognates were written phonetically with a different script (see Bentin and Ibrahim, 1996; Tzelgov et al., 1996) , and a non-pseudohomophone condition. For example, in the pseudo-homophone condition, the SA word /baeraenda/ which exists only in its phonological form was written phonetically in LA letters (Experiment 1, ‫)برندة‬ or in Hebrew letters (Experiments 2 and 3, ‫.)ברנדה‬ In the non-pseudo-homophone condition, a letter string which did not correspond to any lexical representation in the multi-lingual lexicon, was presented in LA or in Hebrew letters across experiments. Differences between these two conditions indicate pure phonological effects. This is because orthographic effects are not possible as LA and Hebrew do not share the same script and SA does not have orthographic representations. In addition, semantic effects are not possible because we did not include cognates and importantly the critical stimuli were non-words that could only be processed via the sub-lexical phonological pathway (from orthography to phonology to semantics).
Moreover, because it is assumed that SA is more similar to LA than to Hebrew (e.g. Saiegh-Haddad and Spolsky, 2014) , and Arabic speakers leaving in Israel are typically more proficient in Arabic (both SA and LA) than in Hebrew, the current study also examined the contribution of language proficiency (e.g. Basnight-Brown and Altarriba, 2007; Gollan et al., 1997) , and degree of similarity between the two forms/languages (e.g. De Groot et al., 1994; Norman et al., 2016a Norman et al., , 2016b van Heuven et al., 2011) to cross-lingual phonological effects.
II Experiment 1
In a previous study, Bentin and Ibrahim (1996) utilized the diglossic situation in Arabic to examine pure phonological effects in visual-word recognition. In their study (Bentin and Ibrahim, 1996 ; Experiment 2), participants who were native Arabic speakers living in Israel were asked to perform a lexical-decision task in LA. The stimuli were (1) LA real words that do not exist in SA (2) LA non-words that were phonetic transliterations of words that exist only in SA (SA pseudo-homophones), and (3) LA non-words that did not sound like real words in SA or LA (non-pseudo-homophones). Similar to the monolingual pseudo-homophone effect (e.g. English non-words (BRANE) that sound like real words (brain); (e.g. Rubenstein et al., 1971; van Orden, 1987; Ziegler et al., 2001 ), Bentin and Ibrahim observed that SA pseudo-homophones were more difficult to reject (slower reaction times) than non-pseudo-homophones. Thus, orthographic representations in LA automatically activated phonological representations that exist only in SA, even when the task was restricted to LA. These results suggest that phonological influences in visual-word recognition can be obtained even without orthographic or semantic overlap.
Nevertheless, given that LA and SA are considered two forms of the same language, a question arises as to whether such 'pure' phonological effects can also be found between two different languages (e.g. LA and Hebrew). Although a cross-lingual pseudo-homophone interference effect has already been demonstrated by Nas (1983) , this cross-lingual phonological effect was obtained with Dutch-English bilinguals whose two languages share the same script. Thus, the aim of our first experiment was to both replicate and expand these results by focusing on languages that do not share the same script. In particular, we aimed to extend Bentin and Ibrahim's study by including not only phonetic transliteration of SA words that do not exist in LA, but also phonetic transliteration of Hebrew words that do not exist in LA. As mentioned above, the sociolinguistic setting of Arabic speakers in Israel leads native speakers of SA to become proficient LA-Hebrew readers. If bidirectional orthographic-phonological interactivity manifests itself not only within a single language (e.g. Rubenstein et al., 1971) , between two different variants of the same language (Bentin and Ibrahim, 1996) , or between two languages that share the same script (Nas, 1983) , but also between two orthographically distinct languages, then LA non-words that sound like Hebrew should be processed differently than LA nonwords that do not sound like real words. In addition, if these phonological effects are modulated by language proficiency (e.g. Basnight-Brown and Altarriba, 2007) , and degree of similarity between the languages (e.g. De Groot et al., 1994; Norman et al., 2016a Norman et al., , 2016b , then stronger effects are expected for SA pseudo-homophones than for Hebrew-pseudo-homophones. This is because SA is the participants' L1 and it is also more similar to LA than Hebrew (e.g. Russak and Fragman, 2014) . Thus, we expect differences between the three types of non-words (SA pseudo-homophones; Hebrew pseudo-homophones; non-pseudo-homophones).
1 Method a Participants. Participants were 20 SA-LA-Hebrew speakers (10 males) who were native Arabic speakers living in Israel. They have learned Hebrew in school, and were relatively proficient in Hebrew. In this and the following experiments, at the time of testing, all participants were university students in which all academic work is conducted in Hebrew. Further, all participants were moderately proficient in English, as is typical of the population in Israel. One participant was excluded because he has been exposed to another language from childhood. Details regarding the final set of 19 participants are presented in Table 1 .
b Stimuli. Stimuli consisted of 160 LA letter strings written in the partially voweled script system 2 which convey full phonological information. Of these, 80 were real words in LA and 80 were non-words in LA. Importantly, a quarter of the non-words sounded like real SA words ('SA pseudo-homophones', n = 20), a quarter sounded like real Hebrew words ('Hebrew pseudo-homophones', n = 20) and half did not sound like any other word ('non-pseudo-homophones', n = 40). Stimuli were selected following a series of norming studies, as detailed below (for a complete list of experimental stimuli, see Appendix 1).
First, an initial list of LA letter strings (half real words and half non-words, which either sound or do not sound like real words in SA or Hebrew) was created by an SA-LA-Hebrew proficient speaker (author NT), such that it did not include any cognates across target and non-target languages. Moreover, non-words were all pronounceable, and SA/Hebrew pseudo-homophones were all words that could be expressed in LA letters. To verify this initial selection, 10 native Arabic speakers from a similar background who did not participate in the experimental task received this list and were asked to make three decisions regarding each item:
1. make an LA lexical decision (i.e. is this a real word in LA?); 2. rate the items marked as real words for familiarity on a scale of 1 to 7, with 1 indicating an 'extremely rare word' and 7 indicating a 'very familiar word'. Familiarity was defined to participants as 'the degree to which you come in contact with or think about the word in your daily life'; 3. make a general phonological lexical-decision task on the items marked as real words (i.e. identifying cognates: does this letter string sound like a familiar word in any language other than LA?), and on the items marked as non-words (i.e. identifying pseudo-homophones: does this letter string sound like a familiar word in any language you are familiar with?). Based on these procedures, real LA words were selected if they received an average familiarity of above 5, and if all participants agreed that they did not sound like a word in SA, Hebrew, or any other language they know. Non-pseudo-homophones were selected if all participants agreed that they did not sound like a real word in any language they know. Conversely, Hebrew pseudo-homophones and SA pseudo-homophones were selected if all participants agreed that they sound like a real word in Hebrew or in SA, respectively. Regarding Hebrew pseudo-homophones and SA pseudo-homophones (all non-words in LA), the same participants were asked to (1) rate how familiar is the SA or Hebrew word on a scale of 1-7, with 1 indicating 'an extremely rare word' and 7 indicating 'a very familiar word'; and (2) provide the meaning of the SA/Hebrew word in LA.
Items that received a familiarity score of above 5 and the same meaning was given by all participants were selected as the final Hebrew or SA pseudo-homophones. Following these series of norms, the final set of items was selected with 80 real LA words which are non-cognates with SA or Hebrew, and are relatively familiar; 40 nonpseudo-homophones which do not sound like a real word in Hebrew, in SA or in LA; 20 SA pseudo-homophones which do not sound like a real word in Hebrew or in LA, but do sound like a familiar word in SA; and 20 Hebrew pseudo-homophones which do not sound like a real word in SA or in LA, but do sound like a familiar word in Hebrew. All items were 2 to 7 letters long, and were matched on length across conditions, as well as on subjective familiarity (see Table 2 ). In addition, mean bigram and trigram orthographic frequencies, as well as orthographic neighborhood size were calculated based on a corpus of 10 million words (a collection of articles from the LA newspaper Al-Watan). Finally, morphological regularity scores (0, 1 or 2) were computed by examining whether each non-word stimuli includes a real root and a real word pattern in LA: 0 = a letter string with no familiar root and no familiar word pattern; 1 = a letter string with either a familiar root or a familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern. Details regarding the different non-word types are presented in Table 2 . When comparisons across non-word types revealed significant differences, these were taken into account in the analysis of the results.
c Procedure. Each participant completed the task individually in a quiet room, in a session that lasted approximately 40 minutes. The entire experiment was conducted in Arabic. Each trial in the lexical-decision task began with a fixation cross for 500 ms followed by the target letter string for LA lexical decision. The target remained on the screen until the participant made a yes/no decision by pressing the corresponding key on the response box. Participants were instructed to respond as quickly and accurately as possible whether the target stimulus was a real word in LA or not, and response times and accuracy were recorded by the computer program (E-Prime software; Psychology Software Tools, Pittsburgh, PA). Each participant saw all 160 letter strings (80 real words, 40 nonpseudo-homophones, 20 SA pseudo-homophones, and 20 Hebrew pseudo-homophones) in a randomized order, presented in 8 blocks interleaved with short breaks. Ten practice trials preceded the experimental trials. To ensure that the intended phonological representations was indeed extracted from the sub-lexical orthographic representation, a post-test was included in which participants were asked to name the stimuli out-loud and their responses were recorded. Finally, participants completed an Arabic version of Note. LDT = lexical-decision task. Means in the same row that do not share an alphabetic subscript differ at the p < .05 level based on t-tests between the conditions with Bonferroni corrections for multiple comparisons. ` marks a marginally significant difference with p < .1. Standard deviations are given in parenthesis.
a language-history questionnaire in which they rated their proficiency and use in each language (adapted from LEAP-Q; Marian et al., 2007) .
Results
Reaction time (RT) data and accuracy data were analysed using a linear mixed effects (LME) model (Baayen et al., 2008) as implemented in the lme4 library in R (version 3.3.3, R Core Team, 2017) . This computation allows the testing of hypotheses while taking into account the variance due to participants and to items simultaneously. Our major hypothesis relates to the difference in response times between LA non-words that sound like SA / Hebrew words, and LA non-words that do not sound like familiar words. Thus, the main model was constructed with the effect of Nonword Type (SA pseudo-homophone, Hebrew pseudo-homophone, or Non-pseudo-homophone) as a fixed factor, and the effects of Participants and Items as random factors. In addition, the effects of Bigram Frequency, Trigram Frequency, Orthographic Neighborhood Size, and Morphological Regularity, were taken into account as fixed effects.
a Reaction time data. Reaction time data were calculated on correct responses only. Reaction times that were less than 300 ms or more than 5,000 ms were excluded as cutoffs, and those that were more than 2.5 standard deviations from the mean for each participant on correct responses were trimmed as outliers (less than 4% of the data). First, as is typical of lexical-decision tasks, a preliminary model with the effect of Lexicality (word vs. non-word) as a fixed factor and the effects of Participants and Items as random factors, revealed a main effect for lexicality F(1, 143.4) = 98.7, p < .001, indicating that words were responded to more quickly (M = 992.8; SE = 85.1) than nonwords (M = 1225.4; SE = 85.2). To examine cross-lingual interaction, additional analyses were conducted only on the data from the non-word condition. First, a baseline model was constructed with the effects of Bigram Frequency, Trigram Frequency, Orthographic Neighborhood Size, and Morphological Regularity as fixed effects, and the effects of Participants and Items as random factors. Within this model, no main effects were found (all Fs < 1), indicating that none of these control variables correlated with RT. Thus, these variables were not included in the main model which was constructed with the effect of Nonword Type (SA pseudo-homophone, Hebrew pseudo-homophone, or nonpseudo-homophone) as a fixed factor and the effects of Participants and Items as random factors.
Within this model, the effect of Non-word Type was significant, F (2, 75.9) = 12.01, p < .001. Testing the simple effects with Bonferroni corrections revealed that SA pseudohomophones were significantly slower (M = 1389.4; SE = 107.8) than non-pseudo-homophones (M = 1203.3; SE = 103.7), χ2 (1) = 16.9, p < .001; and Hebrew pseudo-homophones (M = 1150.9; SE = 106.5), χ2 (1) = 21.65, p < .001; but that the latter two non-word types did not differ from each other, χ2 (1) = 1.55, NS (see Figure 1) .
b Accuracy data. The same analyses were done on accuracy data, using the binomial distribution. First, as is typical of lexical-decision tasks, words were responded to significantly more accurately (M = .99) than non-words (M = .96), p < .001. Second, within the baseline model, the effect of Morphological Regularity was marginally significant (β = -.39, SE = .22, Z = -1.8, p = 0.07) and was therefore retained, creating a baseline model with just this variable. This baseline model was then compared with a model that included not only the effect of Morphological Regularity, but also the effect of Non-word Type. Importantly, a comparison between these two models revealed that the model that included the effect of non-word type resulted in a better fit for the data ( χ2 (2) = 60.84, p < 0.001), and was therefore selected for further analysis. Testing the simple effects of the significant Non-word Type with Bonferroni corrections revealed that SA pseudohomophones were significantly less accurate (M = 0.76) than non-pseudo-homophones (M = 0.97), χ2 (1) = 60.5, p < .001; and Hebrew pseudo-homophones (M = 0.98), χ2 (1) = 50.8, p < .001; but that the latter two non-word types did not differ from each other, χ2 (1) = 0.78, NS (see Figure 2 ).
Discussion
The findings of Experiment 1 are consistent with the findings reported by Bentin and Ibrahim (1996) , demonstrating pure phonological influences in visual-word recognition. Specifically, LA non-words that sounded like real words in SA were more difficult to reject in comparison to LA non-words that did not sound like real words, suggesting that competition from SA may hinder LA processing (see also Saiegh-Haddad et al., 2011) . In particular, these results can provide an explanation for the finding that native Arabic speakers have more difficulty processing structures that are not identical in SA and LA (e.g. Saiegh-Haddad and Schiff, 2016) . Interestingly, cross-lingual phonological effects (from Hebrew to LA) were not obtained, as LA non-words that sounded like real words in Hebrew (L2) were processed similarly to LA non-words that did not sound like real words. A possible interpretation for these patterns may be related to the degree of similarity between LA and SA or Hebrew. As mentioned above, LA and SA are considered two forms of the same language and are therefore more similar than LA and Hebrew (for a detailed description of the relation between SA and LA, and between Hebrew and SA and LA, see Ibrahim, 2006; Saiegh-Haddad and Henkin-Roitfarb, 2014; Saiegh-Haddad and Spolsky, 2014) . Moreover, while SA does not have orthographic representations, LA and Hebrew have distinct orthographies, which may result a much larger distance between them. Thus, it could be the case that cross-lingual phonological effects require a high degree of similarity, which does not exist for LA and Hebrew. In other words, it is possible that in the case of different-script bilinguals, sub-lexical phonological activation during visual word recognition is language specific. Alternatively, the above findings of influences from SA (L1) to LA, but not from Hebrew (L2) to LA may reflect the psychological status of the different languages for these speakers. Indeed, previous research with masked translation-priming suggests stronger cross-lingual effects from the dominant L1 than from the less-dominant language (e.g. Gollan et al., 1997; for review, see Basnight-Brown and Altarriba, 2007) , and specifically stronger effects from SA to LA (Ibrahim and Aharon-Peretz, 2005) . To examine these interpretations further we conducted Experiment 2, in which we examined Arabic-Hebrew phonological interactions from the opposite direction. Namely, SA-LA-Hebrew speakers were asked to perform a visual lexical-decision task in Hebrew (L2), in which non-words either sounded like real words in SA (L1) or did not sound like a real word in any language known to participants. In this scenario, the psychological status of the pseudo-homophones is strong, because SA is the dominant language, whereas the distance between the two languages (SA and Hebrew) remains large. Thus, if pure cross-lingual phonological effects can occur between orthographically distinct languages then SA effects are expected during visual lexical decisions in Hebrew.
III Experiment 2
1 Method a Participants. Participants were 27 SA-LA-Hebrew speakers (8 males) and 26 native Hebrew control participants with no knowledge in Arabic (8 males). 3 Six participants (3 SA-Hebrew bilinguals and 3 Hebrew speakers) were excluded because they have been exposed to another language from childhood. Details regarding the final set of 47 participants are presented in Table 1 .
b Stimuli. Stimuli consisted of 200 Hebrew letter strings written in the voweled script system, which convey full phonological information. Of these, 100 were real Hebrew words and 100 were non-words in Hebrew. Importantly, half of the non-words sounded like real SA words ('SA pseudo-homophones'), and half did not ('non-pseudo-homophones'). Stimuli were selected following a series of norming studies, as detailed below (for a complete list of experimental stimuli, see Appendix 1).
First, an initial list of Hebrew letter strings (half real words and half non-words, which either sound or do not sound like real words in SA) was created by an SA-LA-Hebrew proficient speaker (author MR), such that it did not include any cognates across target and non-target languages. Moreover, non-words were all pronounceable, and SA pseudohomophones could be expressed by Hebrew letters. To verify this initial selection, in the first phase, 10 native Hebrew speakers who did not participate in the experimental task and do not know Arabic received this list of Hebrew letter strings and were asked to make four decisions regarding each item:
1. make a Hebrew lexical decision; 2. rate the items marked as real words for familiarity on a scale of 1 to 7; 3. make a general phonological lexical-decision task on the items marked as words; 4. make a general phonological lexical-decision task on the items marked as non-words.
Based on these procedures, real words were selected if they received an average familiarity of above 5, and did not sound like a word in any other language these participants may have knowledge of (e.g. English). Non-words were selected if they did not sound like a real word in Hebrew or in any other language known to participants.
In the second phase, 10 SA-LA-Hebrew speakers who did not participate in the main experiment were asked to similarly make a Hebrew lexical-decision on these items and judge the familiarity of the real words on a 1-7 scale. Further, they were asked to judge whether the real Hebrew words sound like a familiar word in any other language they know. Following these procedures, real Hebrew words were selected if they received a familiarity score of above 5 and did not sound like a word in any other language (i.e. are not cognates). Regarding the items that were marked as non-words, participants were asked to make a general phonological lexical-decision task. Based on these procedures non-pseudo-homophones were selected if all participants agreed that they did not sound like a real word in any language they know. SA pseudo-homophones were selected if all participants agreed that they sound like a real word in SA. Regarding SA pseudo-homophones, the same 10 participants rated how familiar is the SA word on a scale of 1-7, and provided the meaning of the SA word in Hebrew. Items that received a familiarity score of above 5 and the same Hebrew meaning across participants were selected as SA pseudo-homophones.
Following these norming procedures, the final set of items was selected with 100 real Hebrew words which are non-cognates with any other language known to participants, and are relatively familiar; 50 non-pseudo-homophones which do not sound like a real word in any other language known to participants; and 50 SA pseudo-homophones which do not sound like a real word in Hebrew, but do sound like a familiar word in SA. All items were 3 to 6 letters long, and were matched on length across conditions (see Table 2 ) In addition, mean bigram and trigram orthographic frequencies, as well as orthographic neighborhood size were calculated based on a corpus of 12 million words (a collection of articles from the Hebrew newspaper Haaretz). 2 Further, morphological regularity was computed as in Experiment 1. Details regarding the different non-word types are presented in Table 2 , and any observed differences were taken into account in the analysis of the results.
c Procedure. The procedure was identical to that of Experiment 1, with three exceptions.
(1) The entire experiment, including instructions and language-history questionnaire (LHQ) was conducted in Hebrew. (2) Participants were instructed to respond whether the target stimulus was a real word in Hebrew or not. (3) There were 200 letter strings (100 real words, 50 non-pseudo-homophones and 50 SA pseudo-homophones).
Results
RTs and accuracy data from Experiment 2 were similarly analysed using a linear mixed effects (LME) model (Baayen et al., 2008) as implemented in the lme4 library in R (version 3.3.3, R Core Team, 2017). Our major hypothesis relates to the difference (in terms of RTs and accuracy rates) between Hebrew non-words that sound like SA words, and Hebrew non-words that do not sound like familiar words in the SA-LA-Hebrew group. Thus, the main model was constructed with the effect of Non-word Type (SA pseudohomophone or non-pseudo-homophone) and Language Group (SA-LA-Hebrew vs. native Hebrew) as fixed factors, and the effects of Participants and Items as random factors. In addition, the effects of Bigram Frequency, Trigram Frequency, Orthographic Neighborhood Size, and Morphological Regularity, were taken into account as fixed effects. a Reaction time data. As in Experiment 1, reaction time data were calculated on correct responses only, and identical trimming procedures were applied (resulting in exclusion of less than 4% of the data). The analysis of RT revealed that a preliminary model with the fixed factors Lexical Status (word vs. non-word) and Language Group (SA-LAHebrew vs. native Hebrew) in a two-way interaction, and the random factors of Participants and Items, resulted in the best fit for the data, χ2 (1) = 191. 7, p < .001, relative to the model that included only the main effects. Within this model, as is typical of lexicaldecision tasks, a main effect for lexical status was found, F (1, 191.8) = 132.5, p < .001, indicating that words were responded to more quickly (M = 871.4; SE = 49.4) than non-words (M = 1043.3; SE = 49.5). In addition, the main effect for Language Group was significant, F (1, 45) = 26.49, p < .001, indicating that native Hebrew speakers responded more quickly (M = 708; SE = 69.5) than SA-LA-Hebrew speakers (M = 1206.7; SE = 68.1). Finally, the interaction between Lexical Status and Language Group was significant, F (1, 8524.3) = 193.8, p < .001. To follow up on this two-way interaction, we analysed the effect of Lexical Status in each Language Group, using the Bonferroni adjustment. This analysis showed that the Lexical Status effect was more pronounced for SA-LA-Hebrew speakers (M = 1069.6 for words vs. M = 1343.8 for non-words) than for native Hebrew speakers (M = 673.2 for words vs. M = 742.9 for non-words), but was significant in both groups, for SA-LA-Hebrew speakers, χ2 (1) = 270.6, p < .001 and for native Hebrew speakers, χ2 (1) = 17.6, p < .001.
To examine cross-lingual interaction, additional analyses were conducted only on the data from the non-word condition. First, a baseline model was constructed with the effects of Bigram Frequency, Trigram Frequency, Orthographic Neighborhood Size, and Morphological Regularity as fixed effects, and the effects of Participants and Items as random factors. Within this model, the main effect of Orthographic Neighborhood Size was marginally significant F (1, 92.6) = 3.6, p = .06, and was therefore taken into account in the main model which was constructed to examine the effects of Non-word Type and Language Group. Specifically, three models were compared: The first model included the fixed main effects of Orthographic Neighborhood Size, Non-word Type and Language Group and the random effects of Participants and Items. The second model included in addition the two-way interaction between Non-word Type and Language Group, and the third model included in addition the three-way interaction between Orthographic Neighborhood Size, Non-word Type and Language Group.
Comparisons across these three models revealed that the second model -including the fixed main effects of Orthographic Neighborhood Size, Non-word Type and Language Group, the interaction between Non-word Type and Language Group, and the random effects of Participants and Items -results in the best fit for the data χ2 (1) = 45.9, p < .001. Within this model, there was a significant main effect of Orthographic Neighborhood Size, β = 26.93, SE = 9.78, F (1, 93.5) = 7.6, p = .01; a significant main effect of Non-word Type, F (1, 44.9) = 27, p < .001; and a significant main effect of Language group, F (1, 92) = 15.6, p < .001. Importantly, the two-way interaction between Non-word Type and Language Group was significant, F (1, 4173.6) = 46.1, p < .001.
In order to follow up on this two-way interaction, we analysed the effect of Non-word Type in each Language Group, using the Bonferroni adjustments. This analysis revealed that whereas SA-LA-Hebrew speakers responded more quickly to SA pseudo-homophones (M = 1273.1; SE = 82.6) than to non-pseudo-homophones (M = 1421.9; SE = 82.7), χ2 (1) = 44. 8, p < .001, there was no significant difference between the two non-word types for native Hebrew speakers (M = 739.7; SE 84.3 vs. M = 744.8; SE = 84.3 for SA pseudo-homophones and non-pseudo-homophones, respectively), χ2 (1) = 0.05, NS (see Figure 3) .
b Accuracy data. The same analyses were conducted on the accuracy data, using the binomial distribution. First, a preliminary model with the fixed factors Lexical Status (word vs. non-word) and Language Group (SA-LA-Hebrew vs. native Hebrew) in a two-way interaction, and the random factors of Participants and Items, did not result a better fit for the data, χ2 (1) = 1. 4, NS, relative to the model that included only the main effects. Within the selected additive model, the effect of Language Group was significant, indicating that native Hebrew speakers responded more accurately (M = .99) than SA-LA-Hebrew speakers (M = .98), p < 0.001. However, the effect of Lexical Status was not significant (p = .12), possibly due to a ceiling effect.
To examine cross-lingual interaction, additional analyses were conducted only on the data from the non-word condition. A baseline model revealed that the effects of all of the control variables were significant (all ps < 0.05). This baseline model was then compared with a model that also includes the effects of Non-word Type and Language Group as fixed effects, which resulted in a better fit for the data ( χ2 (2) = 60.84, p < 0.001). Notably, introducing the two-way interaction between Non-word Type and Language Group into the model with all control variables resulted in a convergence failure. Further, excluding the control variables, the interactive model did not improve the fit over the model including only the main effects of Non-word Type and Language Group ( χ2 (1) = 0.28, p = 0.60). Thus, the model that included the main effects of Non-word Type and Language Group, in addition to the control variables, was selected for further analysis.
Within this model, the effects of Trigram frequency (β = -.52, SE = .21, Z = −2.5, p = 0.01), Orthographic Neighborhood Size (β = -.58, SE = .14, Z = -4.2, p < 0.001) and Morphological Regularity (β = -.35, SE = .14, Z = −2.4, p = 0.02) were significant. In addition, the effect of Language Group was significant (β = 1.53, SE = .35, Z = 4.37, p < 0.001), indicating that native Hebrew speakers responded more accurately (M = .99) than SA-LA-Hebrew speakers (M = .98). However, the effect of Non-word Type did not reach significance (ps > 0.12) (see Figure 4) .
Discussion
Whereas Hebrew speakers with no knowledge of Arabic did not distinguish between the two types of Hebrew non-words, SA-LA-Hebrew speakers rejected Hebrew nonwords that sounded like SA words (SA pseudo-homophones) significantly faster than Hebrew non-words that did not sound like a real word (non-pseudo-homophones). This interaction between the type of non-word and the linguistic status of the participant demonstrate pure cross-lingual phonological effects. Specifically, sub-lexical orthographic representations in Hebrew automatically activated their corresponding SA phonological representations, even though the two languages do not share the same script. Furthermore, the fact that lexical decisions on visually presented Hebrew letterstrings were affected by these SA phonological activations suggest that (1) visual-word recognition is affected by phonological feedback (e.g. Grainger and Holcomb, 2009; Peleg and Eviatar, 2009; Seidenberg and McClelland, 1989) , and (2) this bidirectional interactivity manifests itself also between two languages with distinct orthographies (Dijkstra and van Heuven, 2002) .
Although our results clearly demonstrate pure cross-lingual phonological effects in visual-word recognition, even between languages that do not share the same orthography, the direction of the effect was surprising. In particular, in this experiment, Hebrew non-words that sounded like SA words were easier to reject. As mentioned above, previous studies, that utilized the same paradigm to investigate orthographic-phonological connections within a particular language (e.g. Rubenstein et al., 1971) , between two forms of the same language (Bentin and Ibrahim, 1996 ; see also Experiment 1), or between two different languages that share the same script (Nas, 1983) , reported interference rather than facilitation effects.
Because this is the first experiment to examine pseudo-homophone effect between two languages that do not share orthography, it is unclear whether the facilitation effect is incidental. Thus, to increase the confidence in this finding, (i.e. to examine whether the cross-lingual pseudo-homophone effect is indeed facilitatory in different script bilinguals), we conducted an additional experiment with different participants and with different stimuli, Moreover, to enhance comparability across experiments, in Experiment 3 both SA and LA pseudo-homophones were included.
IV Experiment 3
1 Method a Participants. Participants were 27 SA-LA-Hebrew speakers (3 males) and 35 native Hebrew control participants with no knowledge in Arabic (9 males). Seventeen participants (4 SA-LA-Hebrew speakers and 13 Hebrew speakers) were excluded because they have been exposed to another language from childhood (4 SA-LA-Hebrew speakers and 5 native Hebrew speakers), or because the control participants indicated some proficiency in Arabic (8 Hebrew speakers). Details regarding the final set of 45 participants are presented in Table 1 .
b Stimuli. Stimuli consisted of 160 Hebrew letter strings written in the voweled script system, which convey full phonological information. Of these, 80 were real Hebrew words and 80 were non-words in Hebrew. Importantly, a quarter of the non-words sounded like real SA words ('SA pseudo-homophones'); a quarter sounded like real LA words ('LA pseudo-homophones'), and half did not sound like a real word in either SA or in LA ('non-pseudo-homophones'). The stimuli in the 'SA pseudo-homophone' (n = 20) and in 'non-pseudo-homophone' (n = 40) conditions were new stimuli not used in Experiments 1 or 2, and were selected following the same norming procedures described in Experiment 2 (second phase with native Arabic speakers). The 80 real words were selected from the set used in Experiment 2, and the 20 'LA pseudo-homophones' were taken from Experiment 1, and transliterated into Hebrew letters (for a complete list of experimental stimuli, see Appendix 1).
The final set of items included 80 real Hebrew words which are non-cognates with any other language known to participants, and are relatively familiar; 40 non-pseudohomophones which do not sound like a real word in any other language known to participants; 20 SA pseudo-homophones which do not sound like a real word in Hebrew or in LA, but do sound like a familiar word in SA; and 20 LA pseudo-homophones which do not sound like a real word in Hebrew or SA, but do sound like a familiar word in LA. All items were 3 to 6 letters long, and were matched on length and subjective familiarity across conditions. In addition, as in Experiment 2, mean bigram and trigram orthographic frequencies, orthographic neighborhood size and morphological regularity were calculated. Details regarding the different non-word types are presented in Table 2 , and observed differences were taken into account in the analyses of the results.
c Procedure. The procedure was identical to that administered in Experiment 2, with the exception that each participant now saw 160 letter strings (80 real words, 40 nonpseudo-homophones, 20 SA pseudo-homophones, and 20 LA pseudo-homophones) in randomized order, presented in 10 blocks interleaved with short breaks.
Results
RTs and accuracy data were again analysed using a linear mixed effects (LME) model (Baayen et al., 2008) as implemented in the lme4 library in R (version 3.3.3, R Core Team, 2017). As in Experiment 2, our major hypothesis relates to the difference (in terms of RTs and accuracy rates) between Hebrew non-words that sound like SA / LA words, and Hebrew non-words that do not sound like familiar words, in the SA-LA-Hebrew group. Thus, the main model was constructed with the effect of Non-word Type (SA pseudo-homophone, Hebrew pseudo-homophone, or non-pseudo-homophone) and Language Group (SA-LA-Hebrew vs. native Hebrew) as fixed factors, and the effects of Participants and Items as random factors. In addition, the effects of Bigram Frequency, Trigram Frequency, Orthographic Neighborhood Size, and Morphological Regularity, were taken into account as fixed effects.
Prior to analyses, two items were excluded from the LA pseudo-homophone condition because of extremely low accuracy for both groups (M = .40), likely because they differed from a real Hebrew word only by slight diacritic change. Nonetheless, items in the three non-word types were still well matched on length (F < 1), bigram (F < 1) and trigram (F (3,154) = 2.32, MSE = .000, p = .077) frequency, as well as on orthographic neighborhood (F < 1) and morphological regularity (F < 1). Further, LA pseudo-homophones did not differ from SA pseudo-homophones on subjective familiarity (t < 1). a Reaction time data. As in Experiment 1, reaction time data were calculated on correct responses only, and identical trimming procedures were applied (resulting in exclusion of less than 4% of the data).
The analysis of RT revealed that a preliminary model with the fixed factors Lexical Status (word vs. non-word) and Language Group (SA-LA-Hebrew vs. native Hebrew) in a two-way interaction, with random factors of Participants and Items, resulted in the best fit for the data, χ2 (1) = 441. 2, p < .001, relative to the model that includes only the main effects. Within this interactive model, as is typical of lexical-decision tasks, a main effect for lexical status was found, F (1, 155.1) = 234, p < .001, indicating that words were responded to more quickly (M = 833.1; SE = 42.8) than non-words (M = 1107.7; SE = 42.9). In addition, the main effect for Language Group was significant, F (1, 42.9) = 66.9, p < .001, indicating that native Hebrew speakers responded more quickly (M = 633.4; SE = 59.4) than SA-LA-Hebrew speakers (M = 1307.4; SE = 58.1). Finally, the interaction between Lexical Status and Language Group was significant, F (1, 6341) = 456.8, p < .001. In order to follow up on this two-way interaction, we analysed the effect of Lexical Status in each Language Group, using the Bonferroni adjustment. This analysis showed that the Lexical Status effect was more pronounced for SA-LA-Hebrew speakers (M = 1063.8 for words vs. M = 1551 for non-words) than for native Hebrew speakers (M = 602.4 for words vs. M = 664.4 for non-words), but was significant in both groups, for SA-LA-Hebrew speakers, χ2 (1) = 556.3, p < .001 and for native Hebrew speakers, χ2 (1) = 9.2416, p = .005.
To examine cross-lingual interactions, additional analyses were conducted only on the data from the non-word condition. First, a baseline model was constructed with the effects of Bigram Frequency, Trigram Frequency, Orthographic Neighborhood Size, and Morphological Regularity as fixed effects, and the effects of Participants and Items as random factors. Within this model, only the effect of Morphological Regularity was significant F (1, 72.2) = 4.2, p = .05, and was therefore taken into account in the models constructed to examine the effects of Non-word Type and Language Group. Model comparisons revealed that the model including the interaction between Non-word Type and Language Group, in addition to the main effects of Non-Word Type, Language Group and Morphological Regularity as fixed factors, with participants and items as random factors, resulted in a better fit than the additive model including only the main effects χ2 (2) = 16.9, p < .001. Allowing Morphological Regularity to interact with Language Group did not improve the fit χ2 (1) = 0.22, p = .66.
Within the interactive model, there was a significant main effect of Morphological Regularity, β = 27, SE = 12, F (1, 75.5) = 5.1, p = .03; a significant main effect of Non-word Type, F (2, 73.2) = 3.8, p = .03; and a significant main effect of Language group, F (1, 42.9) = 59.5, p < .001. Importantly, the two-way interaction between Nonword Type and Language Group was significant, F (2, 2994.6) = 8.5, p < .001.
In order to follow up on this two-way interaction, we analysed the effect of Non-word Type in each Language Group, using the Bonferroni adjustments. These analyses revealed that whereas the effect was not significant for native Hebrew speakers (SA pseudo-homophones: M = 663.7; SE = 85. 2; Hebrew pseudo-homophones: M = 654.8; SE = 85.7; and non-pseudo-homophones: M = 667.5; SE = 82.9; all P's NS), SA-LA-Hebrew speakers responded more quickly to SA pseudo-homophones (M = 1445.6; SE = 83.8) than to non-pseudo-homophones (M = 1599.8; SE = 81.4), χ2 (1) = 19. 4, p < .001, or LA pseudo-homophones (M = 1576.6; SE = 84.2), χ2 (1) = 10. 2, p = .008; with no significant difference between the latter two types, χ2 (1) = 0.42, NS (see Figure 5) .
b Accuracy data. The same analyses were done on the accuracy data, using the binomial distribution. First, a preliminary model with the fixed factors Lexical Status (word vs. non-word) and Language Group (SA-LA-Hebrew vs. native Hebrew) in a two-way interaction, and the random factors of Participants and Items, resulted in a better fit to the data, χ2 (1) = 12. 3, p < .001, relative to the model including only the main effects. Within this model, as is typical of lexical-decision tasks, a main effect for lexical status was found, indicating that words were responded to more accurately (M = .98) than nonwords (M = .97), p < 0.001. In addition, the main effect of Language Group was significant, indicating that native Hebrew speakers responded more accurately (M = .99) than SA-LA-Hebrew speakers (M = .95), p < 0.001. Finally, the interaction between Lexical Status and Language Group was significant, p < 0.001. In order to follow up this twoway interaction, we analysed the effect of Lexical Status in each Language Group, using the Bonferroni adjustments. This analysis revealed that the effect of Lexical Status was significant in the case of SA-LA-Hebrew speakers, χ2 (1) = 29.1, p < .001; but not in the case of native Hebrew speakers, χ2 (1) = 0.01, NS (probably due to a ceiling effect).
To examine cross-lingual interactions, additional analyses were conducted only on the data from the non-word condition. In analyses of the baseline model with the control variables, only the effect of Morphological Regularity was significant, and thus this variable was taken into account in the main model constructed to examine the effects of Non-word Type and Language Group. Model comparisons revealed that the model including the interaction between Non-word Type and Language Group, in addition to the main effects of Non-Word Type, Language Group and Morphological Regularity as fixed factors, with Participants and Items as random factors, resulted in a better fit than the additive model including only the main effects χ2 (2) = 40.61, p < .001. Allowing Morphological Regularity to interact with Language Group resulted in convergence failure.
Within this interactive model, the effect of Morphological Regularity (β = -.45, SE = .11, Z = -4.2, p < .001) was significant. In addition, the effect of Language Group was significant (p < .001), indicating that native Hebrew speakers responded more accurately (M = .99) than SA-LA-Hebrew speakers (M = .93). Finally, the twoway interaction between Non-word Type and Language Group was also significant (p = .03). In order to follow up on this two-way interaction, we analysed the effect of Non-word Type in each Language Group, using the Bonferroni adjustment. These analyses revealed that, in both groups, the effect of Non-word Type was not significant (all P's NS) (see Figure 6 ).
Discussion
The results of Experiment 3 replicate the critical findings observed in Experiment 2, where the cross-lingual pseudo-homophone effect was facilitatory rather than inhibitory. In particular, SA-LA-Hebrew speakers responded more quickly to non-word Hebrew letter strings that sounded like a real word in their native language (SA) in comparison to non-words that did not sound like any real word.
Critically, both Experiments 2 and 3 demonstrate that in different-script bilinguals, cross-lingual pseudo-homophone facilitates rather than interferes with lexical-decision performance. We discuss possible interpretation of the difference between our findings and previous studies showing interference effects (e.g. Bentin and Ibrahim, 1996; Nas, 1983; Rubenstein et al., 1971) in Section V.
V General discussion
The aim of the present study was to investigate cross-lingual phonological effects during bilingual visual-word recognition in the absence of either orthographic or semantic overlap. To isolate cross-lingual phonological effects, we focused on SA-LA-Hebrew speakers, who are native speakers of SA and proficient readers of both LA and Hebrew. In particular, we investigated whether non-lexical orthographic representations (non-words) in one language (Arabic or Hebrew) activate phonological lexical representations in the non-target language. Because non-words do not activate semantic representations, and because there is no orthographic overlap between SA, LA, and Hebrew, cross-lingual activation can only be mediated via phonological connections.
In three experiments, SA-LA-Hebrew speakers were asked to perform a lexical-decision task either in LA (Experiment 1) or in Hebrew (Experiments 2 and 3). The critical stimuli were non-words in the target language that either sounded like words in the nontarget language (cross-lingual pseudo-homophones) or did not sound like a real word (non-pseudo-homophones). In Experiment 1, phonological effects were obtained across the two Arabic forms (LA and SA), but not between the two languages (LA and Hebrew). Specifically, LA non-words that sounded like SA words were more difficult to reject than LA non-words that did not sound like familiar words, whereas there was no significant difference between the latter condition and LA non-words that sounded like Hebrew words. In contrast to the LA experiment (Experiment 1), in the Hebrew Experiments (Experiments 2 and 3), cross-lingual phonological effects were obtained: In both experiments, Hebrew non-words that sounded like SA words were easier to reject than Hebrew non-words that did not sound like a real word (see Appendix 2) .
In what follows, we discuss three major findings that emerge from these experiments. (1) evidence for pure cross-lingual phonological effects in bilingual visual-word recognition, even in the case of two languages (Arabic and Hebrew) that do not share the same script; (2) potential modulations of cross-lingual phonological effects at the word identification system, by language dominance; and (3) potential modulations of the cross-lingual phonological effects at the task decision system by the degree of similarity between the two languages in question.
First, the major finding of the present study is that cross-lingual pseudo-homophone effects can be obtained even between languages that do not share the same script (Arabic and Hebrew, Experiments 2 and 3). In particular, in the two Hebrew lexical-decision experiments, SA-LA-Hebrew speakers rejected SA pseudo-homophones more easily than non-pseudo-homophones, whereas Hebrew speakers, with no knowledge of Arabic, did not distinguish between the different non-word types. The fact that native Hebrew speakers with no knowledge of Arabic showed no difference between the different nonword types, provides strong evidence that the locus of the non-word type effect (observed with SA-LA-Hebrew speakers) cannot be reduced to orthographic markedness (van Kesteren et al., 2012) , and can only be mediated via cross-lingual phonological activation. Moreover, to further overcome the confounding effect of orthographic factors, important stimuli characteristics -bigram frequency, trigram frequency, orthographic neighborhood size, and morphological regularity -were taken into account in the analyses of the results. Importantly, phonological effects (i.e. differences between non-word types), and more specifically the two-way interaction between Non-word Type (crosslingual pseudo-homophones vs. non-pseudo-homophones) and Language Group (Arabic-Hebrew vs. Hebrew speakers with no knowledge of Arabic) remained significant even after these control variables were taken into account. Thus, consistent with interactive models of multilingual visual-word recognition (Dijkstra and van Heuven, 2002) , the cross-lingual pseudo-homophone effects indicate that orthographic representations in one of the participants' languages (Hebrew) automatically and non-selectively activate phonological representations in the participants' other language (SA). Importantly, this cross-lingual phonological effect was obtained even between two languages with distinct orthographies (Arabic and Hebrew), thus extending previous studies with same-script bilinguals (e.g. Nas, 1983) . Further, these findings are consistent with the notion proposed by the BIA+ model (Dijkstra and van Heuven, 2002) , by which the multilingual system includes forward-only links from sub-lexical and lexical representations to the language nodes. Language membership representations likely receive activation from both lexical and sub-lexical orthographic representations in different script bilinguals (see Degani et al., 2018) , but critically do not operate on the lexical identification system. As a result, despite clear orthographic cues to language membership, the current study provides strong evidence for cross-lingual phonological effects.
Second, cross-lingual phonological effects are non-symmetric, as cross-lingual pseudohomophone effects were observed when participants (SA-LA-Hebrew speakers) were making a lexical-decision task in their L2 (Hebrew) but not in their L1 (Arabic). Specifically, in the LA lexical-decision task (Experiment 1), phonological effects were observed across the two Arabic forms (i.e. with L1 SA pseudo-homophones), but not when the pseudohomophones corresponded to Hebrew (L2) words. In contrast, as mentioned above, in the Hebrew (L2) lexical-decision experiments, cross-lingual phonological effects were observed, as SA pseudo-homophones (Hebrew non-words that sound like real L1 SA words) were easier to reject than non-pseudo-homophones (Hebrew non-words that do not sound like real words). This asymmetry is consistent with previous studies showing stronger cross-lingual effects from the dominant L1 than from the less-dominant language (e.g. Gollan et al., 1997; for review, see Basnight-Brown and Altarriba, 2007) .
Third, and most interestingly, the cross-lingual pseudo-homophone effect obtained in the present study (from Arabic to Hebrew) was facilitatory rather than inhibitory. That is, in contrast to the 'pseudo-homophone interference effect' reported in studies conducted with monolingual speakers (e.g. Rubenstein et al., 1971; van Orden, 1987; Ziegler et al., 2001) , diglossic speakers (e.g. SA and LA, see Bentin and Ibrahim, 1996 , as well as Experiment 1), and same-script bilinguals (Nas, 1983) , the results of the current study, with different script bilinguals, demonstrate a 'pseudo-homophone facilitation effect'.
In particular, in the current study, SA pseudo-homophones were examined in both a within-language condition (in the LA lexical-decision experiment), and a between-language condition (in the Hebrew lexical-decision experiments). In accordance with previous findings (e.g. Bentin and Ibrahim, 1996; Nas, 1983; Rubenstein et al., 1971) , a pseudo-homophone interference effect was observed in the within-language condition (i.e. involving the two forms of Arabic: SA and LA). Specifically, LA non-words that sounded like real words in SA were harder to reject compared to LA non-words that did not sound like real words. Interestingly, and in contrast to previous studies, in the betweenlanguage condition (i.e. involving Arabic and Hebrew), the effect was facilitatory rather than inhibitory. Specifically, Hebrew non-words that sounded like real words in Arabic (SA) were easier to reject than Hebrew non-words that did not sound like real words.
Critically, both the inhibitory effect in Experiment 1 and the facilitatory effect in Experiments 2 and 3 exemplify that the lexical phonological representation associated with the pseudo-homophone was indeed activated in the word identification system of the bilingual speaker. We interpret the different direction of the effect as the result of factors operating at the task-decision system, as outlined below.
According to the BIA+ model, the bilingual lexical system is organized into a word identification system driven by stimulus characteristics and a task-decision system, influenced by non-linguistic factors. The flow of information is unidirectional from the word identification system to the task-decision system. Recent support for this dissociation in the case of different-script multilinguals comes from Miwa et al. (2014) , in which Japanese-English bilinguals completed a lexical-decision of cognates and non-cognates. Critically, they measured the time course of processing using eye tracking, distinguishing between initial automatic activation measurements (e.g. first-fixation), and later controlled decision processes (e.g. total time). Their findings support dissociation between these different phases in processing, as phonological overlap resulted in different patterns in the two types of measures.
We suggest that in our study, activation of SA pseudo-homophones resulted in either facilitatory or inhibitory effects depending on the operation of multiple factors at the task decision system. First, in all experiments only non-cognate items were included (see also Bentin and Ibrahim, 1996) . This list composition makes it such that identification of a lexical candidate in the non-target language/form (SA) signals a non-word response in the target language/form (Hebrew or LA). Therefore, once a non-word is identified as a lexical representation in the non-target language/form, it may facilitate a 'no' decision relative to a non-word that does not correspond to any lexical representation in the system. Nevertheless, several factors may work together to influence the use of this cue at the decision system. First, the difference in proficiency in the target language influences the time course of the decision. Specifically, for SA-LA-Hebrew speakers, a decision in LA, may be faster than a decision in Hebrew. Indeed, as shown in Table 1 , the time to make a 'no' response in LA appears to be faster than the time to make a 'no' response in Hebrew. It is possible therefore that in the Hebrew Experiments, SA words were activated before a decision was reached in Hebrew, facilitating a 'no' decision for SA pseudo-homophones relative to non-pseudo-homophones. In contrast, in Experiment 1, SA words were activated simultaneously with the 'no' decision in LA, creating competition at the decision level, yielding longer RTs for SA pseudo-homophones than for non-pseudo-homophones. Second, Hebrew and Arabic have distinct scripts and are therefore more distinguishable than two languages that share the same script (e.g. Dutch and English) or two forms of the same language (e.g. SA and LA). Thus, when Hebrew letter strings activate lexical representations in Arabic, these activations facilitate a 'no' response in a Hebrew lexical-decision task. In contrast, when LA letter strings activate SA words, it is more difficult to distinguish between these two forms, as both are considered Arabic. In other words, because SA is more similar to LA than to Hebrew (e.g. Saiegh-Haddad and Spolsky, 2014), SA-LA-Hebrew speakers are more likely to assume that an SA word is not a Hebrew word than they are to assume that it is not an LA word. This general tendency reflects the long-term experience of the speakers with their languages, and may override the particular list composition.
We therefore suggest that degree of similarity between the two languages in question may modulate the direction of the cross-lingual pseudo-homophone effect, such that, in the context of a lexical-decision task, similar languages (e.g. two languages that share the same script, like Dutch and English), will exhibit the typical pseudo-homophone interference effect, whereas languages that are more distinct (e.g. languages that have distinct scripts, like Arabic and Hebrew) will exhibit a facilitation effect. To further investigate this proposal, a similar study with Hebrew-English bilinguals is currently being done in our lab. Given that Hebrew and English are even more different than Hebrew and Arabic, a crosslingual pseudo-homophone facilitation (rather than interference) effect is expected.
In summary, the results of the current study provide compelling evidence for pure phonological cross-lingual influences, which are independent of both orthographic and semantic overlap. These findings highlight the interconnectivity in the multilingual lexicon, both at the sub-lexical and the lexical levels. In addition, our results highlight the role of language dominance in modulating these cross-lingual influences, with an asymmetric pattern of more pronounced influence from the dominant to the less dominant language than the reverse. Finally, the degree of similarity between the two forms/languages in question appear to influence performance by operating at the task-decision system. Future research is needed in order to further explore the automatic aspects of these cross-lingual interactions in bilingual speakers and to shed light on the time course of these processes.
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Notes
1. It is important to note that although there is evidence that LA is processed like a second language (e.g. Eviatar and Ibrahim, 2001; Ibrahim, 2006 Ibrahim, , 2009 Ibrahim and Aharon-Peretz, 2005) Arabic native speakers do not consider the two varieties of their language as two different languages, rather as two forms of the same language (diglossia). Also, despite a remarkable distance between the two forms, as research has shown (Saiegh-Haddad and Spolsky, 2014), the two forms are related at all linguistic levels. 2. Note that in both LA and Hebrew, letters represent mostly consonants. Vowels can optionally be superimposed on consonants as diacritical marks (points). Thus, both languages have two forms of spelling: a voweled form which is orthographically transparent (i.e. phonologically unambiguous), and an unvoweled form which is more opaque (i.e. phonologically ambiguous). Most written materials (except for poetry, literature for children, and religious texts) use the unvoweled form. Nevertheless, given our focus on sub-lexical orthographic-phonological connections the letter strings in both the LA and the Hebrew experiments were presented with phonemic diacritics, in order to convey full phonological information (for a comprehensive review of vowels in Semitic languages, see Ibrahim, 2010; Saiegh-Haddad and HenkinRoitfarb, 2014; Saiegh-Haddad and Schiff, 2016) . 3. This control group was included in order to ensure that cross-lingual effects, if obtained, are indeed a result of our phonological manipulation (SA pseudo-homophones vs. non-pseudohomophones) and not due to other uncontrolled stimuli characteristics. Thus, we expected only the SA-LA-Hebrew group (but not the native Hebrew control group) to be sensitive to the difference between these two types of Hebrew non-words. Such a control group was not possible in Experiment 1 given that all Arabic readers of LA are also proficient in SA. In addition, all Arabic speakers in Israel are exposed to Hebrew.
Experimental stimuli. Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string with no familiar root and no familiar word pattern; 1 = a letter string with either a familiar root or a familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern). Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string with no familiar root and no familiar word pattern; 1 = a letter string with either a familiar root or a familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string with no familiar root and no familiar word pattern; 1 = a letter string with either a familiar root or a familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string with no familiar root and no familiar word pattern; 1 = a letter string with either a familiar root or a familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern). 
